Abstract
Introduction

19
The ability to hold temporal sequences of events in working memory (WM) (i.e., or modification of the sequential replay would presumably deteriorate or alter the 37 sequence information retained in WM, while not necessarily affecting the overall 38 memory performance. However, the causal evidence, especially in human subjects, is 39 completely lacking.
40
On the other hand, we lack an "optogenetics-like" tool in human studies, and it is 41 technically difficult to modulate the item-specific reactivations and to precisely 42 interrupt the replay profile in human subjects. The typical non-invasive interference 43 approaches (e.g, TMS, tDCS, tACS, etc.) fail to meet the requirement, since they bound to the to-be-memorized feature (e.g., orientation) in WM when they belong to 49 the same object 11, 12, 13, 14, 15 , and these task-irrelevant color probes could even tag 50 memory reactivations 10, 16 . Therefore, we could in principle modulate the ongoing 51 temporal relationship between these color probes, which are presumably bound to 52 each of the sequentially memorized items respectively, to interfere with or even 53 modify the item-by-item serial reactivations. We then examined whether the temporal 54 manipulation in retention would alter the subsequent SM behavior in retrieval, with a 55 specific focus on SPE (e.g., recency effect, primacy effect), as typically observed in 56 SM.
57
Two types of temporal manipulation -synchronization and order reversal -have order that was either the same or reversed as the stimulus sequence, they also showed 66 distinct SPE (Experiment 5-7, 78 subjects; "order reversal manipulation"), indicating 67 that the temporal order of the serial replay is vital as well. were balanced across trials.
87
Crucially, throughout the 5 sec retention period, the luminance of the two color 88 probes (SM1 and SM2) was continuously modulated according to two 5 sec temporal 89 sequences respectively (i.e., Seq1 for SM1, Seq2 for SM2), the relationship of which 90 varied in three ways -Baseline, Alpha-band synchronization (A-Sync), or
91
Full-spectrum synchronization (F-Sync). Specifically, as shown in Figure 1B, Twenty-seven subjects participated in Experiment 1 (Figure 2A) and F-Sync), the recency effect was largely disrupted. Two-way repeated ANOVA 
123
To further confirm the disruption effects, we ran a separate group of subjects (N = the memory-related probes but not by the memory-irrelevant ones.
142
As summarized in Figure 2C , temporal synchronization of the memory-associated 143 probes during maintenance essentially disturbed the SPE for the two-item SM (i.e., Temporal synchronization disrupts primacy and recency effect in 3-item SM
156
(Experiment 3 -4) 157 We next investigated whether the temporal synchronization would also disrupt SPE in 158 three-item SM task (Experiment 3-4). As shown in Figure 3A , subjects were Therefore, temporal synchronization of the three memory-related color probes during 189 retention also disrupts the SPE in a 3-item SM task (i.e., primacy and recency effect).
190
Taken Experiment 1-4 together, temporal synchronization of memory-associated Reversing replay order disrupts serial position effect (Experiment 5-7) 198 We next examined the function of the temporal order of the reactivations in SM. should be applied within certain neurophysiological-relevant temporal window (e.g.,
235
period of theta-band rhythm) to successfully influence SM. (Fig. 1A) . In the 371 "encoding period", subjects were serially presented with two (Experiment 1, 2, 5, 6, 7, would be set to yellow and green, and vice versa.
418
Experiment 3-4 (3-item SM with synchronization manipulation)
419
In Experiment 3 and 4, participants performed a three-item sequence memory task.
420
The 1 st orientation was chosen randomly between 0° and 180°. The angle difference triangle. Importantly, the luminance of the three color probes (SM1, SM2, SM3) was 427 modulated according to three random temporal series, respectively (i.e., Seq1 for SM1,
428
Seq 2 for SM2, Seq 3 for SM3). The Seq1, Seq2, and Seq3 were generated anew in 429 each trial.
430
The relationship between Seq1, Seq2, and Seq3 varied in three ways: Baseline, were further used to examine the effect of temporal manipulation on SM.
474
The Meta-analysis were performed by using Comprehensive Meta-Analysis were generated anew in each trial. 
